Background: Published data on HIV, HBV, and HCV in correctional facilities in Nigeria is scarce. We set out to establish the seroprevalence, co-infection, and risk factors for these infections for the first time among prison inmates in Nasarawa State, Nigeria. Methodology: In a cross-sectional study conducted between April and May, 2007, blood samples were collected from 300 male prisoners of a mean age of 29.2 years, in the state's four medium-security prisons (overall population: 587). Prior to the study, ethical clearance and informed consent were obtained and structured questionnaires were administered. Samples were analyzed for HIV, HBsAg, and HCV using anti-HIV 1+2-EIA-avicenna, Shantest TM -HBsAg ELISA, and anti-HCV-EIA-avicenna, respectively. Specimens initially reactive for HIV were retested with vironostika microelisa. Data were analyzed using SPSS version 13.0. P values ≤ 0.05 were considered significant. Results: Of the 300 subjects, 54 (18.0 %), 69 (23.0 %), and 37 (12.3 %) tested positive for HIV, HBV, and HCV, respectively. Co-infections were eight (2.7 %) for HIV/HBV and two (0.7 %) for HBV/HCV. Those aged 21-26 years were more likely to be infected with HIV and HBV, while those aged 33-38 years had the highest HCV infection. Associated risk factors included duration in prison, previous incarceration (for HIV, HBV and HCV), intra-prison anal sex, multiple sex partners (for HIV and HBV), ignorance of transmission modes, blood transfusion, and alcohol consumption (for HBV and HCV). No inmate injected drugs. Conclusions: The overall outcome represents the need for prison-focused intervention initiatives in Nigeria. Injected drug use is an unlikely major transmission mode among Nigerian inmates.
Introduction
Unlike in Europe and America, there is a scarcity of published data on human immunodeficiency virus (HIV), hepatitis B virus (HBV), and hepatitis C virus (HCV) infections among prison inmates in Nigeria and the rest of Africa despite its tremendous importance in public health policy formulation. Prisons form part of the criminal justice system and it is estimated that over nine million people are in penal institutions worldwide, with 39,438 incarcerated in Nigeria as of January 31, 2007 . The study area, Nasarawa State, housed 587 of these prisoners at the time of this study [1, 2] .
Compared with the non-incarcerated general population, prisoners worldwide continue to demonstrate a significantly higher prevalence of HIV, HBV, and HCV infections [1, 3] . These viruses are devastating disease agents of great public health concern and Africa suffers more than any other region. For instance, 39.5 million people are currently living with HIV/AIDS worldwide and almost 24.7 million (63.0%) of these are in SubSaharan Africa [4] . In Nigeria, 4.4% of the population was infected with HIV in 2005, with an increase to 4.6 % in 2008, while Nasarawa State had 6.7% of its population infected in 2005 with an alarming increase to 10% in 2008 [5] .
HBV is the aetiological agent of hepatitis B, a devastating liver disease. Globally, more than two billion people alive today have been infected with HBV at some time in their lives [6] . Of these, about 350 million have chronic infections and become carriers of the virus, and there are over four million acute clinical cases of HBV every year [6] .
HCV, on the other hand, is the principal cause of parenterally transmitted non-A, non-B hepatitis [7] . This blood-borne virus affects 200 million people worldwide, and an estimated 3.0% (170 million) of the world's population is chronically infected with HCV [8] .
HIV, HBV, and HCV all have similar modes of transmission; however, HCV has low sexual transmission [8] . HBV is transmitted in the same way as HIV: by contact with blood or body fluids of an infected person, including perinatal, sexual contact, child-to-child transmission, unsafe injections, and transfusions; however, HBV is 50 to 100 times more infectious than HIV and 10 times more infectious than HCV [9] .
The most efficient mode of transmission of HCV is direct percutaneous exposure to infectious blood [10] . Of persons newly infected with HCV, only 20.0% to 30.0 % have symptoms of acute hepatitis, and the highest prevalence of HCV infection (70.0% to 90.0%) is reported among those persons with substantial or repeated direct percutaneous exposures to blood, such as intravenous drug users, persons with haemophilia treated with clotting factor concentrates that did not undergo viral inactivation, and recipients of transfusion from HCV-positive donors [10] .
As in the case of HIV, there is currently no periodic national survey for HBV or HCV in either the Nigerian general population or prison inmates; however, prisoners worldwide are at high risk of contracting HIV, HBV, and HCV, especially those who engage in high-risk behaviours such as injected drug use [11, 12] . Prisoners are therefore potential reservoirs of infection to the uninfected entrants and the general non-incarcerated population upon regaining freedom.
We undertook a cross-sectional study in correctional institutions in Nasarawa State, Nigeria, to determine, for the first time, the seroprevalence, co-infection, and risk factors for these deadly infections.
Materials and Methods

Study Area
Nasarawa [13, 14] .
Study Population
Three hundred prison inmates were recruited for this study from the four prisons in the state. A representative sample size was determined after having estimated the required minimum sample size using the formula propounded by Naing (2003) [15] at a 95% confidence interval.
Ethical Consideration
Clearance from the Ethical Committee in Nasarawa State's Ministry of Health was obtained in accordance with the code of ethics for biomedical research involving human subjects. Official consent of the state's highest prison authority-the state comptroller of prisons-was also obtained.
Exclusion and Inclusion Criteria
Prison inmates who were less than two months in detention were excluded from the study. All inmates who indicated willingness to participate in the study and gave written informed consent were included in the study.
Specimen Collection
Between April and May 2007, five millilitres of blood were aseptically collected from each prison inmate by venipuncture of the cubital vein using sterile disposable needles and syringes. Prior to the study, written informed consent was obtained, and socio-demographic and risk assessment information was collected on self-administered questionnaires. Samples were each placed in plain tubes and the sera separated into sample vials and stored at -20°C until analyzed.
Assay Procedure
To detect anti-HIV, the anti-HIV1+2-EIAavicenna (Avicenna Medical Centre, Russia. Lot Number:05.45H) was initially used for screening. All reactive samples were retested with vironostika microelisa (Organon Teknika, USA), both according to each manufacturer's instructions. Shantest TM -HBsAg ELISA (Shantha Biotechnics Limited, India. Lot number: DHB 01306) was used for the detection of HBsAg according to the manufacturer's instructions. The Shantest TM -HBsAg ELISA is a sandwich enzyme immunoassay for the detection of HBsAg in human serum or plasma. Anti-HCV was detected using anti-HCV-EIA-avicenna (Lot number: 05.71C), also according to the manufacturer's instructions. Anti-HCV-EIA-avicenna is a qualitative enzyme immunoassay for the detection of antibodies to HCV.
Statistical Analysis
Data were subjected to statistical analysis using the statistical software SPSS version 13.0. Pearson chi-squares were calculated at a 95% confidence interval. P values ≤ 0.05 were considered statistically significant.
Results
A total of 300 male prison inmates with the mean age of 29.2 years participated in the study. Fifty-four (18.0 %) were seropositive for HIV, 69 (23.0%) for HBsAg, and 37 (12.3%) were HCV seropositive. Eight (2.7%) were HIV/HBV coinfected, and two (0.7%) were co-infected with HBV/HCV. The age group of 21-26 years had the highest seroprevalence rate for HIV and HBV, while those aged 33-38 years had the highest infection of HCV (Table 1 ) (P > 0.05). No inmate stated that he practiced injected drug use. Forty (13.3%) had been incarcerated previously, 249 (83.0%) did not have the correct knowledge of HBV and HCV transmission modes (tables 3 and 4), 32 (10.7%) practiced anal sex (tables 2, 3, and 4), and 175 (58.3%) had been in detention for more than six months (tables 2, 3, and 4). Thirty-seven (12.3%) of the participants were from polygamous homes and 180 (60.0%) habitually consumed alcohol before incarceration. Figure 1 shows seroprevalence rates by prison location. Wamba Prison was the most affected by HIV (27.1%) and HBV (35.7%), followed by Lafia Prison (HIV = 18.0%, HBV = 24.0%) and Keffi Prison (HIV = 16.1%, HBV = 19.4%). Nasarawa Prison was the least affected (HIV = 10.3%, HBV = 11.1%). For HCV seroprevalence rates, Lafia Prison was highest with 16.0%, followed by Keffi and Wamba Prisons with 12.9% and 10.0%, respectively (figure 1). Inmates who stayed longer in prison and had been previously incarcerated were more likely to be infected with HIV, HBV, and HCV (tables 2, 3, and 4) (P < 0.05). Those who engaged in anal sex in prison and had multiple sex partners before incarceration were more likely to be infected with HIV and HBV (tables 2 and 3) (P < 0.05), while histories of alcohol consumption and blood transfusion were significantly associated with HBV and HCV infections, respectively (tables 3 and 4) (P < 0.05). Those lacking the knowledge of HBV and HCV transmission modes were more likely to be infected with the two viral agents (tables 3 and 4) (P < 0.05).
Discussion
This study investigated the seroprevalence, coinfection, and risk factors for HIV, HBV, and HCV infections among prison inmates in Nigerian Nasarawa State. Such studies have been undertaken in a good number of countries, especially in Europe and America, yet reports on these viral agents among Nigerian prison inmates are scarce.
The high HIV, HBsAg, and HCV seroprevalence rates of 18.0%, 23.0%, and 12.3%, respectively, observed in this study are consistent with the similarly high 19.2%, 17.4%, and 19.2% rates reported among prison inmates in Ghana [12] , the slight differences notwithstanding. In accordance with our findings, some earlier studies have also reported high seroprevalence rates of HIV, HBV, and HCV among prison inmates. For instance, Macalino et al. (2004) reported HBV and HCV sero-prevalence rates of 20.2% and 23.1%, respectively, in the US Rhode Island Prisons [16] , and Burattini et al. (2000) reported HIV and HCV seroprevalence rates of 16.0% and 34.0%, respectively, among Brazilian prisoners [17] ; however, the HCV sero-prevalence rates from both studies are higher than what our study reveals, and this may be attributed to a possible practice of injected drug use by those inmates -a high-risk behaviour absent among our subjects. It should be noted, however, that although none of our subjects confirmed the practice of injected drug use, it is possible this probably happens among Nigerian prisoners but at a very minimal level, not enough to influence the outcome.
In contrast, Dada et al. (2006) reported a lower seroprevalence rate of 6.7% among male prisoners in Lagos, Nigeria [18] . This prevalence rate is startling because it is not higher than that of the general population of Lagos, even though the prisoner population is known to be a high-risk one; however, it is possible those inmates were well-informed and practiced preventive measures. We found it surprising that none of our subjects admitted to having ever injected drugs, going by reports that this is a common practice among inmates. [11, 16, 17] . This is consistent with the assertion by Madhava et al. (2002) that injected drug use is infrequent in subSaharan Africa [8] ; however, injected drug use has been implicated as a major risk behaviour for HIV, HBV, or HCV transmission among prison inmates, especially in countries outside of Africa [1, 19, 20] , with prevalence for HIV and HCV among a Russian population of injected drug users reaching as high as 56.0% and 87.0%, respectively [21] . Based on our conversation with the prison officers, a drug habit common among Nigerian inmates is that of smoking wiwi which is never injected. Future studies should find the association of this with infections. Our findings reveal much higher HIV, HBV, and HCV infection rates than those observed in the general population. For instance, the Nigerian national HIV/syphilis sentinel survey among women attending antenatal clinics (a similar national survey for men has not yet been performed) shows that 6.7% of the general population of Nasarawa State were infected with HIV/AIDS at about the time our study was conducted, and 10% had the infection in 2008 [5] . Although no such periodic national survey exists for HBV or HCV, available data outside of Nasarawa State show much lower seroprevalence rates among non-incarcerated populations [8, [22] [23] [24] [25] [26] [27] .
The 2.7% HIV/HBV co-infection rate observed in this study is higher than the 1.0% reported by Baba et al. (2000) in a population of blood donors in Nigeria [23] for an obvious reason: prison inmates are a high-risk group; however, it is lower than the 24.7% or 28.2% HIV/HBV co-infection rate reported by Mustapha and Jibrin (2004) among a population of HIV/AIDS patients in Nigeria [27] . The already compromised immune mechanisms of the HIV/AIDS patient population should be responsible for their higher chances of co-infection with HBV. The coinfection observed in this study is instructive since it has been reported that co-infection of HIV with HBV or HCV increases the risk for hepatotoxicity of highly active antiretroviral therapy (HAART) regimen in HIV/AIDS patients, and HCV coinfection results in attenuated CD4 recovery after initiation of HAART [28] . We did not find either HIV/HCV or HIV/HBV/HCV co-infection; however, this has been reported among prison inmates [29] and HIV-infected populations [28, 30, 31] . When we compared prevalence rates in the four prisons, inmates in Wamba prison were more likelyto be infected with HIV and HBV while those in Lafia prison were more likely to be infected with HCV, but the differences did not reach statistical significance. We found that prison inmates within the age group of 21-26 years were more likely to be infected with HIV and HBV, and this corresponds with earlier reports in Nigeria [18, 23] , while inmates aged between 33 and 38 years were more likely to be infected with HCV. This is also in accord with previous findings in the Nigerian Niger Delta and Australia [11, 26] . Although blood transfusion was significantly associated with HCV infection, studying a larger number of subjects who have received transfused blood will give a clearer picture. In spite of government policy on blood transfusion, some suburban and rural clinical centres screen potential donors for HIV and only manage to screen for HBV (leaving out HCV); hence the association of blood transfusions with HCV is not surprising.
Our discovery that duration in prison and previous incarceration were significantly associated the infections of HIV, HBV, and HCV is consistent with reports from Australia, Brazil, Italy, England, and Wales [11, 17, 32, 33] . There was a higher percentage of infection with the three agents among inmates who had no tribal marks than those who had, with HIV infection being significant (table 2) and with HBV and HCV approaching significance (tables 3 and 4). This observation shows that having tribal marks was not a risk factor among the study subjects; however, this may not be a perfect conclusion because the marks are usually given early in life, and considering the mean age of the subjects, those who might have contracted infection through such means should have died, especially of HIV, before incarceration. We therefore recommend a study involving a larger sample size of people with tribal marks for a better understanding of its association with these infections. The significant association of intra-prison anal sex and multiple sex partners with HIV and HBV infections also finds support in previous reports from Italy and African countries [1, 12, 33] .
We also discovered that histories of alcohol consumption and blood transfusion were significantly associated with HBV and HCV infections, respectively. This observation corresponds with previous findings [10, 34, 35] . The poor knowledge of HBV and HCV transmission modes among the inmates, which made those without the knowledge to be more likely to be infected with the two viral agents, is consistent with the study by Butler et al. (1997) who reported that there was poor knowledge of hepatitis risk factors among their study subjects [20] . The congested nature of the prisons -from prison records, most of the prisons housed inmates above their official capacity -might be an important factor in the transmission of the hepatitis viruses. There should be a Nigerian government policy that makes it compulsory for all prisoners to be tested prior to incarceration for hepatitis viruses and vaccinated against vaccine preventable diseases. This practice will control the spread of infections within prisons and within the general public upon an inmate's regaining freedom.
Our results show higher infection rates than the reports in the non-incarcerated general population. This represents an important public health issue. Since inmates are potential reservoirs of infection to the public upon release, they should be tested for possible infectious diseases and treated before continuing their normal public lives. Considering the potential of such a study to serve as the basis for better strategies towards controlling the spread of deadly viral infections, we recommend an incidence study that will involve more prisons from the remaining states of Nigeria. Although some factors identified in this study, such as duration in prison, anal sex, previous incarceration history, and lack of knowledge of the modes of transmission, can be said to have contributed to infections in the prisons, we recommend a study that focuses on identifying more intra-prison factors involved in transmission (since this study was a bit limited in that respect), because this will give a truer national picture of the alarming situation. To succeed, Nigerian treatment services and general prevention efforts, including vaccination and risk minimization measures, must include prison inmates.
